Background. Enteroviruses have been considered as the most common etiologic agents in clinical myocarditis and dilated cardiomyopathy; however, their pathogenetic role remains unknown. Hence, the relation of viral replication and development of cardiomyopathy has been determined in a murine model of myocarditis by evaluating the persistence of viral genome during acute and chronic stages of myocarditis by means of Northern blot hybridization and polymerase chain reaction (PCR).
* viral myocarditis * polymerase chain reaction
To determine the pathogenetic role of the virus and to confirm the viral etiology in individual cases of myocarditis, various diagnostic techniques outlined below have been applied to the myocarditic tissue. 4, 5 However, the isolation of enterovirus from the heart muscle of patients with a history of myocarditis is generally unsuccessful.6' Similarly, immunofluorescent detection of enterovirus-specific antigen in myocardium is also unfruitful. 8 The continuing autoimmune reaction mediates the progression of the disease from acute myocarditis to chronic myopathy and implicates potential viral persistence in the myocardium.2,3,910 Several investigators have reported the detection of enteroviral RNA by slot blot, Northern blot, and in situ hybridization using nucleic acid probes complementary to viral genome in experimental models or in human myocardial biopsy or autopsy samples. ' From this study, it remains unclear whether the viruses can always persist into the myocardium in late stages of dilated cardiomyopathy and whether it can be detected consistently throughout all stages of the disease after viral infection.
Encephalomyocarditis (EMC) virus-induced myocarditis in murine models has demonstrated striking similarities to the clinical pattern of human myocarditis and dilated cardiomyopathy.316-l8 The virus isolated from the mouse heart can only be cultured up to 14 days after infection, 16 and the viral genome is detectable by in situ hybridization only up to 21 days of infection but is undetectable in the chronic phase. 16 In this report, we used a DBA/2 murine myocarditis model with Northern blot hybridization and PCR to evaluate the persistence of EMC viral genome into the late stages of cardiomyopathy.
Methods

Propagation of Encephalomyocarditis Virus
Hamster kidney cells (BHK 21/C13), kindly provided by Dr. James Campbell, Department of Virology, University of Toronto, at a frozen stock concentration of 106 cells/ml were propagated into each of 25-cm2 flasks containing alpha minimal essential medium (MEM, GIBCO BRL), antibiotics (units/ml penicillin 100 and 100 gg/ml streptomycin), 40 To ensure equal loading of total RNA after the isolation procedure from heart tissues, plasmid pA50, a noncontractile protein housekeeping cDNA clone, was used. After washing off the previous hybridization with 0.1xSSC and 0.1% SDS solution for 10 minutes at boiling temperature, pA50 was introduced to probe for tissue 83-actin messenger RNA (mRNA) found on the same nitrocellulose filter.
Synthetic Oligonucleotide Primers and Probe
With the documented sequencing data of the EMC viral genome,2' the location of the oligonucleotide EMC virus-specific primers A (nucleotide [nt] 5196-5216), B (nt4853-nt4873), C (nt4938-nt4958), D (nt5112-nt5132) that flanked near the viral protein genome (VPg or 3AB) area and probe (nt5017-nt5046) that positioned internally in between these primers or within VPg area ( Figure 1A ) were carefully screened, selected, and synthesized in computerized Gene Assembler Plus equipment (Pharmacia). The primers selected were based on the following criteria: a balance between G/C and A/T concentration with no palindromes at both 5' and 3' ends; a size between 20 and 27 mers with a melting temperature range from 55°C to 65°C; a se- 
First-Strand cDNA Synthesis
The synthesis of the first-strand cDNA from total RNA samples was carried out by using virus-specific primer B ( Figure 1A ) and reverse transcriptase to form a stable RNA-DNA hybrid (Figure lB) 30-mer probe overnight at 42°C. Membranes were washed in 6xSSC and 1% SDS for 10 minutes at 37°C and autoradiographed at -70°C with intensifying screens.
Tests for Specificity of EMC Primers and Probe
Four-week-old male DBA/2 mice (n =10) were inoculated intraperitoneally with 0.1 ml of 10 pfu of Coxsackie B3 (CVB3, Nancy strain)'9'30 generously supplied by the Department of Microbiology, Hospital for Sick Children. At 5 and 7 days after infection, each subgroup of mice (n=5) was killed. The heart specimens were studied pathologically and molecularly similar to that of the EMC murine myocarditis model using EMC primers and probe ( Figure 1A ). In addition, the selected 5' end region of CVB3-specific primers TM1, TM2, TM3, 
Results
Mortality and Incidence of Myocarditis
Four days after viral inoculation, the infected mice manifested systemic illness with sluggish movement, ruffling of the fur, and anorexia. Some of the mice developed unilateral or bilateral hind limb paresis, but most of the mice recovered fully and appeared well after day 14. In this study, 22 of 146 infected mice died during infection (mortality of 15%), primarily during the second week (17 of 22 dead mice, or 77.3%). All deaths were due to congestive heart failure as indicated by the presence of ascites and congestion of the lungs and liver during postmortem dissection. Gross myocardial lesions involving the biventricular surface of the heart were seen in 111 of 146 infected mice (incidence of 76%). Aside from the dead mice, these myocardial lesions were also observed in 89 of the 124 surviving mice (71.8%). No mice died after day 19. The lesions were continuously found in 43 of the 48 infected mice (89.6%) between day 21 and day 42 . The control mice remained active and grew normally, and none died during the course of the experiment.
Body Weight, Heart Weight, and Heart Weight to Body Weight Ratio Body weight, heart weight, and the heart/body weight ratio were measured in infected DBA/2 mice and in the controls in the acute and chronic stages of myocarditis. The results are presented in Figure 2 . After day 4, the body weight of infected mice was significantly lower than that of control mice. The heart weight was also significantly greater than that of control mice in all groups throughout the infective stages. The heart weight/body weight ratio was significantly increased in infected mice when compared with control mice after day 4. These data are compatible with systemic illness in these animals with significant heart failure.
Histopathological Findings
The hearts of noninfected mice showed no cellular infiltration or myocardial cell necrosis. The infected hearts disclosed the typical lesions of acute myocarditis followed by chronic myocarditis and subsequently the nonspecific features of dilated cardiomyopathy ( Figure  3 ). On day 4, myocardial cells appeared almost normal with only occasional tiny foci of myocytolysis surrounded by a minimal cellular infiltrate in the myocardium. On day 7, necrotic foci appeared in the myocardium with interstitial edema and the presence of an interstitial mononuclear cell infiltrate. By day 10, myocardial necrosis and extensive mononuclear cell infiltration were seen. Myocardial necrosis was extensive, and confluent areas of mononuclear cell infiltration were seen by day 14 Figure 4A) . A band of :7.84 kb representing the whole virus was seen 6 and 8 hours after viral inoculation on infected cells but was not present in noninfected cell and control tissue samples. This band was readily detectable in the infected myocardium on day 4, became very intense on day 7, gradually diminishing between day 7 and day 14, turned almost undetectable on day 14, and was absent on day 21 and day 28.
The same nitrocellulose filter after hybridizing with 2.75 kb EMC virus-specific probe was completely washed off and probed again with pA50 for f3-actin mRNA in tissue RNA. The actin probe revealed an intense ,B-actin mRNA band of =1.73 kb in size in all tissue RNA samples ( Figure 4B ).
PCR and Southern Blot Analysis
To determine whether viral persistence plays a role in chronic myocarditis/dilated cardiomyopathy, the PCR gene amplification technique was used to sensitively and specifically detect residual viral genome in EMC virusinfected murine hearts. The first-cycle PCR amplification using primers A and B showed that the 364 bp product was undetectable in most samples after agarose gel electrophoresis (data not shown). The product of the first reaction was reamplified for an additional 30 cycles using the nested primers C and D ( Figure 1A ).
The 2% agarose gel stained with ethidium bromide revealed an amplified PCR band of 195 bp for infected cells and tissues from day 4 to day 28 that further persisted on day 35 and day 42 ( Figure 5A ). This was not present in normal tissues and water samples acting as negative controls. With the use of limited amount of tissue RNA and infected cellular RNA as starting materials, the same procedures were repeated more than 10 times for each group of the samples, and the consistency of the results ranged from 75% to 90%.
The identity of the PCR products was further confirmed by Southern blot using a synthetic radiolabeled internal 30-mer probe ( Figure 5B ). These amplified viral fragments supported not only the sensitivity and specificity of primers and probe being used for detection of EMC viral genome but also the persistence of EMC virus throughout 6 weeks of infective period.
Specificity of EMC Primers and Probe
The histological lesions of CVB3-infected murine hearts for both subgroups revealed focal myocytolysis with lymphocytic infiltrate found in the subepicardium of the left ventricle with more lesions found in the right ventricle. Because both subgroups of infected mice showed typical lesions of acute pericarditis, only the first subgroup of mice was chosen for study in this model.
The first PCR amplification using EMC primers A and B and CVB3 primers TM2 and TM3 showed no product and 195 bp, respectively, after agarose gel electrophoresis. Likewise, subsequent reamplification of the product of the first reaction with EMC nested primers C and D and CVB3 nested primers TM2 and TM4 for another 30 cycles revealed undetectable and 150 bp bands (Figure Southern blot analysis and assessment of the sensitivity and specificity of EMC and CVB3 primers and probe, respectively, after PCR cycles. Lane ' further presence of the viral genomic materials may not contribute significantly to the development of pathology. Positive Southern hybridization using the virus-specific internal oligonucleotide probe further confirms that the virus is probably existing integrally at a very low level per cell. It also confirms the ability of PCR to amplify the viral RNA with extremely high sensitivity and specificity beyond the capabilities of any previous diagnostic techniques.
In this study, the PCR products represented in Figure  5 can only be interpreted as positive or negative for the EMC viral fragment. Its relative quantities based on the intensity of the bands cannot be gauged accurately with this PCR protocol. The quantitation of the PCR results would be possible only once the synthetic internal standard RNA that consists of site-directed mutagenesis is present and coamplified with the specific target viral RNA at a lower number of PCR cycles without reaching the plateau stage. 42 We have demonstrated that in a well-established murine myocarditis, the EMC virus persists well into the chronic stage of the disease. This suggests that PCR is very sensitive and specific for the residual viral RNA and will be important in the clinical diagnosis of myocarditis and dilated cardiomyopathy. The persisting viral genomic material found does not imply pathogenesis at this time. However, the potential relation between the molecular mechanism of virus persistence and the perturbed myocyte functions in the pathogenesis of dilated cardiomyopathy after myocarditis may represent a promising area for future investigation.
